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An explosive substence may be defined as a chemical 
system which may, when eubjected to a suitable initial 
impulse, undergo nearly instantaneous chemical Cecocpo- 
sition or trensformation, with evolution of heat end 
forantion of Gecomposition products, samo of which are 
TASCO, In an explosive reaction, there is alwnys © 
sudden rise of pressure, cue to the formation cf yasee 
end to their expansion by the beat liberated in the ree 
action. | 

There are includec in explosive substances, a wide 
range of uiztures enc of homozeneous chemical compounds. 
in general, the explosive reactions to which they sive 
rise are oheracterize: either by en extremely repid 
combustion, or by a rearrangement of molecules, which 
proceeds prectically instantaneously, 

In explosives for which the reactions are rapid 
coxbustion, oxyzen is always present with ene or more 
combustible elements, “he oxyren is supplied in such 
form as to permit the oxidation or combustion to pro- 
ceed without support from outside sources, Thie typo 
reaction ig true burning, whieh proceeds from point to 
point throughout the explosive, eceelerated by the heat 
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end pressure produced, “These explosives are, therefore, 
mown es bumins explssives, or low explosives, “ thia 
tyre, dleek powler eaé smokeless powder of various clase 
ses aro typical. 

In @xplosivee for which the reactions are thë ro- 
errencement of molecules rroceodin~ practicslly instint- 
aneously, oxycen is neerly always present, with comme» 
tible elements such es carton and t"yfrocen, 6ہ‎ ٣07 "usual- 
ly held in the system in weak bonding redicals, sost 
frequently in the nitro croup. In these explosives, the 
chenical arrangement is one of unstable equilibr! x and 
tee initial impulso brings about a breaking down of 
Chemicel bonds end a reervanzement of molecules v..ich 
ig so rapid that the evolution of heated saseous rro- 
Gucts is practically simultaneous throughout the nese, 
“ech explosives âro known as DTTONATIN? or FI?" explo- 
sives. Oxyzen is not en essential pert of all detonstin- 
explosivos. Yor exmaple, the motallic egides, or vetal- 
lie salts of hydronitric acid, sueh as lead aside, witch 
contain no org en, are Qdrtonotin; a;ents. ‘ost Satamat- 
ing explesives, هناو‎ as are usec for the main char e in 
terpedoes, mines end Sirh explosive projectiles, ce well 
es in meny forse of blasting, require for initleting 
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their action the sucden epplication of a very etronz 
shocx, sueh es 18 given by the detonation of ot ter 
charge in contect with or in elose proximity to theme 
This impulse is usually supplied by a sensitive etone- 
ting substance, such as fulminate of mercury anc its 
mixtures, whieh cen be detonated readily by the eppii-~ 
cation of heat. 

The devices used to initiate cetonation in isr-or 
eharres are called detonators, In many forza of («tonta 
ting eherges, there la en Intermediste cherre or booster, 
between the detonator end the main chartes ‘te booster 
char-e contains more explosive than the detonator bat 
is small se compared with the matin charce, 

the 216010 و‎ explosives has advance: considerably 
over the yeers since the work of Nobel. Alone with the 
development of oettor explosives came the necessary work 
and Gevelopment of Cetonstors snÓ their effectiveness. 
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In the study of the theory of detonetion, you om 
faced with the problem of studying a field ٥ عیمې دم‎ 
of explosives that bas not been completely invest! a- 
ted, Many thoortes Neve been broucht ur alone راج ہے‎ 
the oxperizental or mabhematienl evidence t> support 
the idea uncer investivetion, A few of the more inter- 
ssting enos, een ansly"ed وژ‎ part and combined with 
others, shed some lisht on the rhenonenon we mov و‎ 
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in order to analyze tbe propacetion of en 010 
sive wave, the weave is 553154650 ep a recurring cyole 
of releaend and trensforsmc onersy with four phases: 
“echanical to calorific, calorific to chemionl (the 
plese in whieh the potential enerzy of the explosive 
materiel is relensol), chemierl to calorific, amd ix 
orifiec to mechanical, 

"his eyele can be readily understcod by ipii cot- 
ing how the explosive wave is propagetec throuch & 
cylincrieel oolumn of a homogeneous ozplosive without 
the loss of engugh exergy to interrupt propagation, 
Mechanical mer to ۲۷10۳4۲1۵ ٩ 
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Shen en explosive cetocnatos, a part of tic -ecLeni- 
cml energy of a layer of che explosivo is converte. in- 
stuntly into heat energy in the adjacent layer >y sep- 
goa of the impact of molecules. The effecience of tuis 
couwereion is lowe-certainly less than 5 %-——es tm سوب یہ‎ 
went of the molecules ia radial and they are oniy pert- 
ly confined by the leyer of explosive in the colum, 
The gwechanies] energy biet la not converted into Leet 
eserzy exerts pressure co the confinins صانك ههد‎ enc -Lus 
beosnes the velicle throu h whieh Wer is acoosplish= ۰ 
Tere la good reason for “lieving that tbe thickmesa 
cf the layer of explosive thet enters into the [iret 
phase of the cycle weries with the plysical properties 
ef the explosive seteylel, principelly vith its elapti- 
city and pertly with the wloeity of tbe solcoales thet 
ar» in molecular vibrwtian. Dbe loss elastio Lie cu 
plosivo material apó bie greeter the velocity of the 
molecules, the thinner tie layer, am. tence tie ero 
tios the cyclo will regut in & unit length of the oz 
plosive materiale — — 
sreasformation of Calorifie -nemgy to -bemicel 26 27 ذ‎ 
~ Some of the calorific energy of the layer ia saad 
to overcome the chaaLoel stability of the explosive 
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potential energy of the layer; the rest of the calorific 
enerty is used to eecelerate and reinforce the chertcal 
action. The layer of explosive by this time is val 
opine a tremendous kinetic onor-y as la shown in phase 
three. 

Transformation of Chemical Snercy to Celorifie "marcy: 
All explos‘ ves develop heat on detonation, Tis 
phese la Cifferent from the others because each of those 
represent some kind of kinetic enercy derived entirely 
from the preceding piese, and consoquentiy no one of 
them ocn bave more kinetic enervy than the rrecedíns 
phase is capable of trensferrinz, The conversion in 
this phase is complete because all tbe potential 556 سح‎ 
sy release beeones Kinetic enerzy, whiek 1s lervely 

calorific energy. 
Pransforzetion of “alorifie Pnerry to Mechanical "nercy: 

simple statement of this phese is that the larger‏ م 
volume of esses then formec from the layer of explosives‏ 
is in en extremoly active state of molecular vibration‏ 
end thet these molecules arc then menifestin: thelr snor-‏ 
cy as mechanicel ener-y. ‘The efficiency of conversion‏ 
ود of calorie enerry to mechanical enercy is hich ecw‏ 
the conversion 16 very repicd.‏ 

If heat, such e9 is preweed by the physical rosis- 
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tance of the explosive to a blow or impact, be arplicc 
indirectly to tigh explosives, then eny sufficiont 

blow or impact will cause detonation; thet is, it will 
Ainitiete the fourephese oóner-y cyclo op» explosive '— vo, 

This theory was devisec about 1265 end 8 1 
used in part to expletn many phenomona of cetonation. 

In further investication of the theory of ےئا‎ 
tion, ome finds mumercus and variec experiments on enz 
éfíferent phases of the subject, 

The crystallozrepher presents kis 106885 end ties 
to prove whet the crystal structure of explosives hes 
to do with detonation, ^ view expressed in pajer by 
X. Veron in 19%, stated that he hed a new theory. “rom 
Lie oxperinents, he found thet detcnation appears always 
et the end of deflacgration end immediately efter the max- 
imm pressure hag been attained by the cas. ie stated 
that he thought the detonation was caused by very lich 
pressure at the becinuing mmc rapidly increasin: pros- 
Sure at the end of the dofiazrationes 

An experiment ty “aron end «“codheed in 1237, c=əw- 
ed that she expansion of the disturbance produces = en 
a cartridce of bigh explosive, suspended freely, la ct- 
onated, occurs in three phases: (1) the initial phase 
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has en almost sphberios?) form, erisine from the sides of 
the ecartricce; (2) the opeond phage lasts until the موز‎ 
turbance has travelled 1°°-125 em. ‘The rescous Pr: ct 
ere eat first mostly leminous, and follow tro sio” weve 
at a gradually inereasing Cistence. The rroater ammen- 
sion from the ends of tho cartridce causes ariel -وة‎ 
tensions of the weave, accentuated by a shower of 23 
particles. Tho geses then lose their velocity as they 
mix with air; (3) the weve becomes smooth asain and 
apLorieal in foma, losing velocity until it derenerates 
into a somd veve, ‘This experiment mives a Physiol 
pieture of w^et occurs :n a detonation but adds very 
little to the knowledre ۵۶ the theory. 

Tinetiecs of crystal -rowth and ceccmpositicn was 
chelysed by R, "e Carner in 1935, ie showed the nuclear 
.rowth in Cecon-oosition 1s considered as a branchin7 
structural chain reaction. ‘ho conelusion reachec wns 
thet the origin of detonation in solids is not a simm lo 
thermal effect, but cepends on the crystal structure, 
Que experimont is oz mere of the many that supply ene 





4 ۱ ۰ t 1 سه‎ d 8 y , 


X 


This theory is ope of tre more recent ones anû 


-— 











l «ate 


————— T À 
c - V i'm so] e poe af ¿MY می مدو‎ 
— a 0 01 
c c الال مج هی‎ men iae Los YET se me 
"AA eee DO, e vias غه د‎ 
مس نس‎ as octet aL مت د‎ ER =r ale 
سین‎  - 9  ص‎ qvum MES Do 7 
o a eas cA ame asd) wai et BALAN 
اف ارات سس‎ (ii) way EA Li tbe pt Sis 
— — — É> o - (Anab DA QA cl Leys 
e en d cad, A um TUE. a شه‎ erer د و‎ vv) 
A AE چ۔‎ 

0 B تنه نمو‎ e اص‎ ega 2 ⸗xs 
| e Mame e a ہد ہوم‎ raie 
(0 ———— ما سا‎ pp نټ ین سھےی‎ e ef یي‎ 
A يږ‎ ea en eee di 17 نا‎ mg € mg 
0ه ببس‎ 
des > mo cl ام ملف‎ S peer OF 
سم‎ Ae لضف‎ eee ber ¿O لاج‎ 
d 
(0 ———— " ned P we am 

















































= 


TK 


bòtas to cover more of Cid aspects of the theory of 
Getcnation than many. “Srl attempts in a Lr" L 
forwam. wey to postulete a complete thecery. Pefore 
&ctually reviewing this theory, it is voll to briefly 
look at e few interest'u; ^scts obout well known chome 
ical ané physieal phencmens thet “srl uses for wun 
word: to build his theory on 

Carl taxes exoertion to the statement of “erthe- 

"very explosive reaction should be attributes to 
a preliminary heating, which 1s cracuslly trensmit.ed 
directly or indirectly, Mising successively all the 
parte of the matter to the temperature of deed ogi tion, 
etoc:, pressure, friction or mechanical effects are on- 
ly effieacious by ceuein this prelimimery beating’. (2) 

«here ere thres pointe of Certhelot's theory t'«t 
tbe breaxing theory tries to disprove, They are: 

(a) In every case of explosion, there wust Le a 
preliminery heating, which in the meang of initietiny 
enc transmitting the detonetione 

(b) The same nechaniss is involved in dotometian 
of cases, liquids, anc solids, 

(c) The velocity is oot thoucht to be determined 
by the physical nature cf the material. 
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There are outstemcing differences betveon -c2es, 
lfquids and solics; the treet compressibility cf ۵ 
as compares to the s11 ht compressibility of liquids 
anû solids, Another difference is the fact tmnt solids 
have rigidity of shape and even liquids heve en Instent- 
anoous rizicity of shape, 

Txamples of effect of Physical condition ero si om 
by Coates and Terrot (0) in tests of relatin dynsultes, 
containing nitro=clyeerine and ethylene ¢lyeol dii 
trate, ‘These sexples wore fired after various portods 
of storage, both in the confined and the uncenfine’ 
eonáttion, with end without primins charges of streirht 
dynamite, yet in almost every caso, the rate of Catona- 
Sion, after storece, was definitely much loss then that 
of the original samples. Tere la en example of chomi- 
cally identical mater!al showing different rates of 
“etonation because of physical chance. 

Many 36111 consider the rate of detonation eyulva- 
lent to the rate of reaction. “ayes (6) says: 

"The rapidity of re&ct'on of an explosive =ay be 
determined directly, by expertuent, in bigh explosivas. 
This la termed tho rate of letonation of the explosive, 
and la a measure of its brisenco", 

"rom ferthelot's conclusion that other thinsa totar 
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qual, the eensitivenses of exploeive substences is tke 
greater tho more beat developed by the explosive rewe- 
tion, seess to ba matze, Most cf the very sensit P 
ec-reurds are low in tote] enercy, It seams thet me 

two characteristics cf any explosive cen be cormelalod. 
D^ دو فا‎ e connotes esy othar property, مهه‎ brings 
out that a bizh rate of Cetometion does not çuaruntco 
e bigh tetel power or shattering effect; nor prost gun- 
sitivity; also low ipitien temperature does not Ipil- 
cate high sensitivity te sther cens ef initiation, 

Tt 1¢ Carl's belief that there la a completo lag 
of consistency tn el] the data concerning hit explo- 
elves. Tbe lack of consistency seems to ve duo in part 
to the fact that no theoretical basis for experimumta~ 
tion haw been developed. 

e Tor tbe sround wort of thia new " warna acr] 

of "etometlon, vnewleizs of crystal structure, stzearth, 
end rupture ie useful. Pron Vere study the reculor!ty 
ei هک ره‎ katian حه دند س ة چا ولسم مه‎ 
— n mists int )ما‎ Ha d'eng 8 De: 
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of tho eryatel end the netare of rurture, Jo'fe (77) 
sess! 

"Thé teneil stren-t' of s!nrle crystals {5 aleact 
S™ times less than tho caleulated meximm for the co- 
hesive forces and rurture cceurs before an essential 
deviation from Tock’ law can to noticed". 

Joffe finds that rock salt crystals become 6ئ‎ 
when imerso in hot water and exhibit strength ur to 
109 ka per sq. mm. As compared to a strength of 5 Eto 
for the ordinary condition, Te suczests as a pose’>le 
hyrothesis the existence of very gell crevices in the 
surface which woule cause the entire load to bo exerted 
on € point Instead cf on the wtolc cross-section, 

"r4dcsan (9) states that the: 

"“racture occurs in £ body when the external condi. 
tions ere altered if all the atoms eennct find new ¡os1- 
tions, not far from the oritinel positiona, in which 
they will still be sutject to zero not force on the b- 
verace". 

Prom several other experiments conducted, such as a herd 
rubber ring broken by bydrostatie pressure, showine that 
the Dress wee acainst the direction of tho stress, the 
distortions in moletuler arransesents which sre effective, 
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been shortened ebsolutely at tre coment of rupture. 
Those facts ĉo not seen consistent with theory, Teak- 
ing seems to de not as simple e subject as et Tirst ٤ 
would appear. | 

in some crystals there is an intemal orce inbher- 
ent in the structure of the eryetel, which tenés to ols- 
place the valence forces from their normal direction. 
This condition exists in encotherzic cr unsatureted con 
pounds. Uneetureation incicatea a looseness of sir cture 
ted organic substances Collow the ‘strain theory’ of 
Bolger, ‘This theory ststes thet a bond tends to lto in 
a straight line Joining etam to atom, end tho diruo- 
tions of the few bends ememating from e sinzle cerben 
atoz ere those deter ned br tetrahedral spejctry. 
"henover these bonds aro forced out of these pos'tions, 
there is supposec to be a state of stzrein whieh angie 
Tas pR itself through instability end cemeral character 
istics of wsaturetion. 

This ínterugl strain accounts for the ener-y Te- 
leesed by the endothermic compouncs when they br ax 
burn. ^s an exezple, when a compound like ethene warns 
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ts eambondiexide end wer, the calories Cevelo-oi is 
less than the mzaber .ovolopeóc by the combustion of the 
elements thet make up tho methane molecule, >on secty- 
lene turns, tbe heat produced far exeeeds that produce- 
oó by combustion of an ecuivelent quantity of the con- 
otituent oloments. The cifference is founc to ta, in 
the first case, in the enerry mired to break the 
valence bonds; and in the second ease, the encr-y iven 
off when interne! strain is released. from Fenriot (7) 
"in interpretin: these facts, it 1s necesrar” to 
angume not that enerry is required to brea: the (milo 
bond between tte carbon atoms, but that ener-r is ac- 
tually set free durim, this process. This difforuca 
has been explained by &upboosin; t at a certain lc mee 
ef tension is Geveloped within the molecule by the union 
of the second pair of velencies of carbon to form a 
@ouble bond, and thet such en atomie arranrsement 295, 
trerefore, be resarded as representin= & definite emount 
of stored up chemical enemys If tbe equilibria in a 
system of this kind is disturbed in any way, the ۴ 
ie set free, Thus, in the precesa of burning, it eppears 
es heat and servos to increase the total beat of cosse- 
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Some systems, when slightly cisturlted, may revert 
back to the sexe state cf rest, while cthers, if large 
ly disturbec, may proceed toward some entirely new con~ 
Gition of equilibrium, ‘nerzsy required te relenso a 
crystal from its original “ora nay vary with different 
eaepomds, from e rather larce magnitude to zero os a 
limit, 0ص“‎ 
bility may approach zero as a limite A cood example 
of this is nisroxsen lodide, which is stable wren kept 
under water, dul explodes spontaneously when iry, ‘his 
endothermic condition is found in most initietors of 
cetonation, end is rrebably a rost important primo econ- 
dition for sueh agents. A sudden disturbance of a crys- 
tal or part of a crystal, sueh as breaking, my allow 
the strain to dieaprear with the veloeity of sows, and 
thereby tranenit the Cisturbance to surrowmdine crye- 
tals. 

With the knowledre of the mater!al just presented, 
the Theory of Detonetion rroposed by leroy “erl my be 
exenined with some wlerstendinz. 

This theory states thet detomation ia the pro ross- 
ive Sreaking of the valence bonis of a material, bra 
stress which iz transmitted through the material er an 
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elastic wave, similar to a sound ware. This smund © 
1s of such intensity as to destroy the stroeture of tle 
matertel, There is seme distinetion between this tyre 
of wave and an ordinary some wave, the particles “nave 
€ to end fro uovecent, whoress, in this tyre of wave 

in detonation, there 15 no return motion of the perti- 
eles carried forward ty the wave, because cf tho cnl- 
Taree of the material, by the extremely hich rrossure 
rroduceá behind the crest of the wave, rnd by the re 
combination of the elements which had constituted the 
exnlosive. 

The ability of a retertel to tramemit thie stress 
wlll depend uron the elegtic nature of the materia}, 
"re optimo condition for tle transmission of the breake 
tne weve {5 0 material which ts perfectly elastic, end 
which requires only a slicht distortion to cause a break- 
Gem, Thus, 1t 3s seen & verfect cryste] sumlices the 
nearest eprroech to these qualities, Materiale =" oh 
ore soft, plestic er fluid, tend te demp out elastic 
waves and have n simtler terceney with cetonation, 
| "ne enorry üssocinte! with this "port'in- vert ts 
the wave as © continuovs compression insteré cf 2 come 
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pressiqn and a werifaetion of the epiinary sound wave. 

The souree of such energy may be the release of 
strains already existent in the materials; nevert!eless, 
sane assistance from an outside force is usuelly require 
long to this class. They are rere setorials which ave 
absolutely necessary for the utilization of tbe ox: op 
high explosives, The initiating impulse for this type 
of compound, may be a rise of temperature, impact, rio» 
tion, the breaking of a crystal, or even allowing the 
sumace to become dry. 

The stress which ie transmitted and etich causes 
the disruption of the material, 1s not the explosion 
nor the direct cause of the explosion, but merely tie 
Cisturbanee which releages the wnion be.ween the atass 
of the explosive compound, thus allowing them to re-com 
bine, in a moro stable forn, with the resultant release 
of enpergye “his ean be lookec at as the cistinetion bee 
dotbermiec eompounds poesesa a larse part of thoir energy 
in their structure and, therefore, release this ener y, 
due to atructure, instantaneously upon Gesatruction o! the 
fora, “his cheracteristic mares them effective ea inlo 
tistorg of detonation. n the other hand, the exot wraic 
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compounds require expenditure of energy for the cesatruc- 
tion of their form enc cerive a larger proportion of 
their enercy from the reeczbinetion of their elements in 
the more stable condition, 

The spoed of the cetonation wave is controlled ty 
the physical condition of tho medius, in the same way 
as the rate cf coud is determined by the rbysical can 
stents. The violence of the reaction follewins the wave 
is cepencent almost entirely uron the ohemicnl nature 
of the material left dy the wave, or more exactly, the 
products of cetonetion. 

ine cistortion whieh brings about the breekin-, 
carries a portion of the material forward end boc* 50 cf 
the intense pressure generated behind the wave, the bagr- 
ward movement of the medium is preventec, This phenomenon 
tends to increase the speed of the wave front. Thies ef- 
fect expleins the fact that the rate of detonetion in= 
ereases more rapidly with tho inerease of Óena'tr, in an 
insensitive than in a sensitive explosive. The insensitive 
material mst be distorted and moved forwerd to e creator 
extent, then the sensitive material, before brea. in” occuraa 
There are two factora acting te cause higher rate of detona- 
tion at higher censitics: 

(a) The inereased rete of sound at hicher censities, 
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(b) The orfoct of the cistortion of the neterinl, 
"be forward movenent o? tho material, due to tie aleter 
tion of the detonation, Tiffers from thet rouen by 
sound, by being 6 unidirectional movement. The 585 
bavo collapsed end the energy for the continustion of the 
wave is furnished by the reses anc heat liberated by the 
break-down or by the re-combination cf the elewents efter 
the broel—cown. 

Fron these fects, “al presents the followin: fox 
mula for the straicht line representing the rate of ceten- 
ation: 

y 2 (a +21) x ® 
a - representing the constant by whieh the rate of سوہ‎ 2 
inereases with tnereased density; 
e! -~ representin 5^6 conztent by which the eollepse of 
the molecule inerecses the rate throuch the explosivw. 
Peperimentel evaluation of b bas been found for ver! ous 
explosive detonctin> compounds end the results soem to 
follow the strai-tt line predicted. Carl (4) scys: 

"Irn the acceptance of this breetrine theory, the 
most outetanding quelity of explosives is sensitivity. 
Tis quality cen be oct definitely correlated with the 
rete of cetonation and thet the sensitivity to 5 
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le very definitely e"focted by the following factors: 

(a) Perfect erystals and other perfectly elastic 
eeterials are the most susceptible or sensitive to 
detonation and propecate the wave with the closest ade 
berenee to the straight line curve. 

(b) Materials which form long end complex wolo= 
cules resist the initiation and propacetion of detona» 
tion. 

(c) Small emoute of impurities have a great ef- 
feet on sensitivity, 

(4) The condition of tbe surface of materials omy 
éecicedly influence their sensitivity to cetomation. 

(a) Liquids seem to resist detonation, duo mainly 
te their lack of rigicity, 

(f) Compounds "my oe classified as exotberzto and 
endothermic and the sensitivity of the two are re‘ical- 
ly different. Both types of compounds show surface 
instebility. The encotbhermic materials are the only. 
types that possess the internal strain". 

In conclusion, this theery states thet the power of the 
shattering effect of explosives coes not ere zë the 
rato of detonetion. “or 00es tre total heat cf explo- 
sion show tre nature of the explosive. One must oxbine 
the heat of explosion from its basic censo; sow cones 
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from beat o: formation, tie rest fro: tbo re-o^^156.:0n 
of the procucts of Cotoustion, 

Neny people mey not agree witk several of tho points 
brought out in this theory by Carl. ne thing sows to 
be true though, and that is this theory does collect in 
em pinto, many af tbe probises and pececte of s "aage 
of cetonation. one fact to te ۹۵ From this theory 
is that a person umdertering fundamental research !n this 
Field, has some definite points to begin with, (ne cun 
then either rule cut parts of tails theory ag incompeti- 
ble with experimental dota, cr sccept then, 
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The detonators cehera’ly manufect-wed tocay cm 
deg:-5ated es Nos. 6 pri Ce ther credes sre metic wily 
rerely and usually for special purposes. The fi e 
des!-netinz the stro oZ the Cotonator, refers to 'tü 
strevcth as compared wit? that of stendard dctomaters 
that Contain mercury Sulninate, The followin: totmla- 
tion shows the charces corresponding to the varfous 
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potassium chlorete, or (8) 1% per cent‏ + كلفط بسك 
mercury fulminete. “te nixtures represented tr (a) ue‏ 
have been o2m—05, "^oreag (c) hag been rere,‏ )5( 

Tt 1s customary to GeTine tre tnitiatin: power 
(strength) of û detonator 1n terns of the test usec. 
Thus, the strencth of û "o. 6 Óctonetor may be defined 
es one that ts not fnferter in initiating power to a 
detonator contalintn: 1 “ram of a mixture of 95^ per tent 
eereury fulmineate an4é 2° per cent potersiua chlorate. 

Pour ¢oermon tests are employed for doterzinin” tbís 

Î, TFT = tron oxide insensitive powler tect. 

Althoucti tíme-eongurin-, this test is believe’ b> 
somo to bo reliable, Tt is uséd Im certain Covernent 
specifications for cetonctors, 

` Fe. hê test 

“his test is ope pepió end gives good rorrocuo!- 
bility (11). 

Ze Lead-plate test 
m papa poa iq Me asss popit ant Lo, therefore, aed 
principally for control sort, Towever, the results are 
Net میا و مر بس مس موی سو ود‎ Weg 
tes becn experienced ín orteblishins e 865 2و‎ 5 15 rd 
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lead plates (21). Tho resulis may even be misleedla,; 6 
a measure of strength, boceuse the size of tho bole pro- 
Gucec is profownóly influenced by (actors such as the 
shape and diameter of the bottom of the detoneter تمه‎ 
tro nature of confinenent of the explosive chrr-e with~ 
in tbe detonator. 

4. Small ‘reusl lee -bleck test 

This test 1s not wicely used, althouch it vos a 
fair measure of the relative strencth of e cetonetor. 

Secauso it 1s a serious cefect for a Cetonetor to 
bevo less then its desimmtec strength ecó en escot ts 
bevo slízhttly creator ctren-th, most detonators ere 
made stronger than their designated grace. “or c-- 16, 
many ko. 6 detonetors show a atrencth es cotermined by 
ome of the above tests, equal to ۵ No, 7 or even a “o. 
3 detonator. 





The proeecure for this test is as follows: 
(afferent blends of "iren oxide, each varyin: 5. oco 
per cont of iron oxide, are earefully prepared by wol, L- 
Ing the constituents, míxinz, end repeatedly seremaing. 
The aized powder is taped wmiforely into 1-1/2 - 4 inch 
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cartridges, each weirhins 7° creme. These cartri^-oe 
are then fired by the Getonator under teat, whict le ine 
serted in the usual ener in the end of the ۵ 
suspended vertically in air. The blonds of 777-14 دوج‎ 
or'de that przêuce £7 oc asecutive det =: ations aed 27 
consecutive failures, arc determined. "n accition, 2 
trials aro mece for each intermediate “Blend, Me “ron 
oxide content of the cowresponding blends is teaver uo a 
measure of the strength of the detometor. ‘enerally, 
the مسوم‎ frocedure is cerried out with a standerd detona- 
tor for comperison purposes. Inasmuch as it 498 clai-eJ 
thet weather conditions affect the results, tt ‘s ‘est 
bo «aie all che trials on the seme day, 


The end eat (1L) 

Tho lesó-plete test, nail test, end others, 7 
depend on tte sechanicel effects rimcreec 2520© 
Getometors placed in certain cefinite positions relative 
to the material to be acted Cne In tle leacelloo tost, 
tie detonator is closely surrounded by the lesd, upen 
Wich 1t acts, out She meults of cocperisons o™teime] 
wit) ibis test fail to chas that the test is a seliuule 
cue Sar determining the sletive efficienoies o هه دم‎ 
tors, 
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In 1910, Y. O. Welling, then en explesives chome= 
ist of the Pureau of ines, cevised a ¿direct method for 
testing the strength of detonators. This strength <e- 
pence om the extont to wideb a hard, britille material 
of uniform gremilation, wes palverized by the explosion 
of the detonator cherce,. “he Oetonetor wes placec in a 
suitable bem>, whieh wea then partly fillec with a Zeen 
woighed quantity of ordinery, clean, dry send oí وو )دو‎ 
tremalation (2° to €0 mesh). Tte detonator was then 
fired end the degree of the resulting disintegration or 
puiverization of the sand was û nec by resovine 
the cand from the bomb end sifting it through a series 
of stendard sieves, “he total quantity of eend ¡essin 
through the 4Gemesh sieve varied with Cetonetors cf cif} 
ferent eommercial greces, out was remarkably Uniforms 
for detonators of the onmo prades 

Tesvlte froa thie test indicated that the م56‎ 
offered a convenient and accurete means of ceteruining 
the relative strength of Cetonators, in spite of the fact 
that as it meesurec only tle physicol effects pro ame! 
by the detmetcr, it appearec to be subject to coat of 
the objections that have ‘ern edvaneed concernin, soy 
of the direct sethods of testing. 

The method of procedure is the same for testing 
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either electric Gstaneters or oréinary Intemetora. “te 
detonator ia fired in errrextsately the center c” f دده‎ 
of l1 ^ creme of t^e تا‎ sand. After the oxcloslon, 
the cover of the bomb la removed and the sand is eartied 
on to a large sheet o^ ¡lesed paper, The electric deton- 
ator légs or the charred’ fuse, topether with any larto 
fragments of the corper shell, are reflected efter any 
@dPertng sand has been mecoved fron them, and tho estire 
crarre of sand {s carefully sifted throuch e nest of 
رود و بج‎ The gand should not be rubbed with the bon, 
as sudh treetment would force through the siere perti- 
eles that would cthervice# remain on the cloves ‘After 
the sereening is complete, the separate fractions of 
the Gand remitning in each aleve and in the bottom brey, 
are cuptied onto small sbects of clesed paper, treiw fer 
red soparately to a weirhing scocp, and 5015840 

Many series o^ testo bavo been carried out on cow- 
mercial Cetonetors sno it seems to be tbe best test for 
socur&tely me&surín: tbo cotosgting efficiency of & 
detonator. Tven thou/! you eannot apply directly any 
of the theories of detomation to this specific test and 
thus explain why 1t gives the results it does, one seco 
bere why there have been so many varied tests use! for 
Gotonators. This test toJ&y still !s one of the امد‎ 
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reliable to give the esower to how efficient pour ‘eto 
ator is in Qoin; the job it has been designed for ond 
that ls complete detometicon of the high explosive. 


“me of the early teets for evaluating efficiency 
of a cetonator was the lond plate test and conaiats of 
firing a detonator while surportec in a -ertical posi- 
tion, its bese resting om the center of a lead plate 
about 1-1/2 in. squere by 3/16 in. thick, The appear 
ence of the lead plate after the Cetonaetor is fired, 
furnishes a pictorial representation of the erplos! o 
ection of the detonator charge, In the center of tbo 
plato, at the point of contact with the base of the 
-etonator, there occurs 8 depression whieh is copemlont 
for depth both upon the size and quality of bis etane- 
tore vediating fron this central Cepression or perfore~ 
tion, as the cazo sey i6, are numerous striations of 
fine dotted lines. 0 striations constitute the real 
index to the quality of the Getonator and the ex 0۵ 
effect of ita composition, Tack dotied line is tbe ro- 
sult of a glancing blow ipflietec by a single perticle 
of سے‎ detonator 

Tue detonation of a good quality fulzinate of ser- 
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cury charse burste the stell wall into innumera ls c= 
eectrie rines, each of which in turn, 8185 56:9 into 
Numerous euall fragments. As the quelity of e ۵ 
of mereury cetosator is lowered, the size of ti» نه‎ 
nnii, ain, Larges, dus. ما ہہ بت‎ busy سن‎ 
of the explosivo cherce, orc the racial striations ona 
the loas plate tenü to "€ rerleced by larre víit'in s or 
splotehes at irresuler intervals on the face of thw 
lead plate, these pittines being caused by the lar e 
fregments from the üetonetor cave, If tbe Oetonblor 18 
of a very low quality, due to prolongeé ezposire o 
moisture, a defective grade of fulminate, a faulty als- 
ture, or any other causo, so that it may be prectically 
worthless for detonating powders, 1¢ w111 not shat er 
the shell into numerous small fragments, but will more- 
ly rupture the cesine into a smell momber of broad strips. 
“ith thie detonetor, there are only a few broat, ribbon- 
like impressions radiatine fron an eluest ispersetible 
derression where tho ¿rtonstor wes in contact with the 
lerd plato. 

"bp conventenco, Ue various eraluctions e queltty 
for detonators ere elassifiod eceording to six ¢ifforent 
etendards, which aré in tum designated by the “trat six 


letters cf the elphabet. A being taken ses 1^ am " 
es 0 quelity. 
Table I shows a tetalated description of lea lates. 
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4 set of standard lead plates ere usec, which recre rents 
the best Judgment availeble from several years a Wl! 
intensive esperience mith tuleinate Getonctors em elso 
ertensive erperisontel wore with other initictin: cum 
pods. quipped vità e ent of there standards s e 
tauulates set of the &bove -escriptíons, on» gbeulc + 
ble to determine tbe quel'ty of tbe Jetoostor^ to ls 
Using. 
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Tf wo Inet at tho detewmation of مهم ہہ ہا‎ 
es being browsht ahout b- the sudden impulse cf the 
4eionatop, we sec that two distinct Snetore enter into 
the development an“ erplication of this inpulem. tse 
Gre Guiccress or brisamEce, anc strength. ia e velo 
Gesignec detonater, it is impossidle te isolate these 

velocity of the chemicel reactions involwed is a 
femetion of the quicmmese, while the totel volume of 
the caseous costustion products 15 ec funetion of tre 
strength, Teny compounds might ^e cited, which 1 
fublsinate cf mercury tn strength but whieh ere melons 
for éetoneting ~urposes; tlso meny compounds ۲۰۲۵ <> 
wentioned whieh excel in culckness but which ere -<stly 
inferior to fulminate ín { itiotine vc le, 

The leed plate test 105 estentielly e =eesure of 
quácines:. ‘ome of the intorectin factors thet effect 
the efficieney of a ¢rtenator, ده‎ chen by tie leec 
Plate tests, ere Bice 2 cherje, moisture, potene ius 
chlorate content, inüewbeticn c^ shells, ané "wrnors 
جه ممه دمن م‎ shells, ` 
Tia element of quicuness in Mulsinate of serveur; 
detonators dogs not wary givatly with tbe size of the 
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clapco, ‘therefere, t^e leec plate test Cows "mot Te 
oate voriation in welrtt ۵ ννα. 

Moleture is univerwally admitted to he 9 ۳ 
etery of efficient Getometors. n elcogt trrereyrtt ود‎ 
ewieture content is wufficient to tepair serteustr, tio 

The shells of most comercial detonators ۲ a 
Gone-like indentation which tends to immrove the mollty 
Of the lead plate test (7) roth by rencerin- the toalla. 
tlome finer and sere wi! ferw and ty causine 0۵۳۵ ine 
dentation. 

ne of the fow objections adverced avainns the 0 
piste test, wus the lief that the quality cf the ¿ont 
pisto ie rreatiy effeotes Uy the bardness or so/7t50e*9 of 
tha detenator shell, 71s wes proved false by a restos 
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power of explosives ei en Kû’ under moderate ovefine-‏ 
epp, To altas the et, va weights of different‏ 
explosives are eonfive: tn bere holes of definite Gimom-‏ 
of prescribe clermotor, by‏ قوذ ول 
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méwns of e fixec quantity of stemsing end shon toum co- 
fincQ, ere exploóel by macnus o siallar ABL aia Rar g 

I this test, every lantar 1c alike, except tie oharnme- 
ter of the axplosiwe sich ere ,کن عمټهه ود له‎ ‘be 
measure of the test is the vole Uy which the cavity 
Le the blec- is 1nersasel »ecnose o^ the press oxert- 
el >] the explosion mó tie degree of confinesent to 
Mulch the ceplesive 46 esh jected by the quentity of etes- 
min asec, and the fimawes with which this clowsde, is 
La Ae 

_. Oplindriea] lead blocks 200 mue 1n diemetor wc ۲ 
wa, in beight are weed. د‎ pore hole 25 am. im cigzoter 
ue 2123 am. in depth is mada centrally in the aper cart 
ef esci blook, — » 

. $e bore bole in صن‎ lel cylinder to me weed, مد‎ 
Eau zeù, by means cf vor so 4a to ascertain its volue 
in cuble centimeters md euble inobes, 

= The explosive to be tested is placed ln the openin. 
fel a so. 7 olectric vetemator is placed in the center 
of this changes About €, cc. of Cry sund are poured ٥ 
the tore hole end about tie legs of tbe cetounser nos 
tapoc with a temping device. The charie ia fires end 
the cevity in the blese la then measured witk water end 
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the ineresse in volume le evcertaines with precia. 

The volume offset of just the detometor alone is astay- 
. wameé on cand alone an its effect cay m subtracted 

from tbe detonator being tested, thus civiag tei tree 
walue of the oxplosiwe t e. is cherged in tle Tali- 
leo) dloek. 

Mile these four tests that have been cosoridec 
aro still usec to mensute the strength of فلك‎ 56656168 , 
explosive=testing eugiarsve «eve loni soo;,bt & setis~ 
۲90 0 test for mbosurlay quantitatively tue taltinting 
efficiency or strensth of wetonctors. This we otr kt 
&bgut by numerous Oevelojmentp ana inprovemeste lo L'r L OD 
ators curing the pest onde. 
= Most of tbo teut* leretofere proposed for noun 
fas the strength of Oetoontors bevo Lad subs 09:08 
Geficiency, Jenerally, tiair value in مااصاصههوي‎ tiber 
€b&olute or roletive initistins eTicieney bas sown doubt- 
Tul, while those few tests that were boliovec sotrmlly 
ta evaluate rolative inítistinc efficiaooy eer" "elt 
and cmabersome to perf. کن‎ 
— $t $a a mom fest thet many explosives vill Jeten- 
ete ut differest retos, “pending upon the power os ofe 
fieia@cy of the üctossbor used, Jer eman lo, aml. a 
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Getomavor te too low “n strength for the explosive aed, 
the explosive will heve on insomplete ‘etonation ame Fre 
resulting force of tie explosion will be emeh lower ‘han 
thet weicht of prieg? œœ Rand cive. Therefore, fF la 
af prine impertonco thet s detometor جوم‎ st lust 
the inform: initistin efficiency required fon n œ- 
"iste cetonetion. IS ls mob setter to uae om ow tro 
ومو وف‎ emd insure ermırh gtrencth for the cichert om 
oer Setonstion possible. 

۲۳۵۵ thie end -f -etting e sctisfactory fottistin 
efficiency test for Cetonstors, the minsture=certr!: e 
beet was devised, is test is mord an the تدخ"‎ 1 
mê ronerally accenteó concept het the ability of a 
3۳ ت۲02‎ to initiate ro 'nsensitive srrlosive consti- 
futes the hect weng of seesuring its initiettn= of "La 
ear, ۳ represent د‎ fide rance څه‎ اهووعوا٤!ام‎ ase 
Plosives, varfoue mistores of THE iro oni" mg "ere 
ted for the tnitie? stety. “he extant و موه جم‎ 
mredecen in the insmottiw explosive 19 secum vy the 
wei-!£ of send erushe^ to & "menu of new um! ms, 
T" nÜnfature certr'ó-w 20's59, essgentío ]- co^ « Pa 
ama charyo of a cureMlly controlled Matron owtde si>- 
fuse An e small paper eus tavinc m2 iostde clewter of 
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one-half inthe ¿bo experimentel tecunique thu» cc مددہ‎ 
bha alventagerus Cerbures of the send test soi En "es 
iron oxide ineensitive power tosi. A wiiqua ("٥ص‎ 
G@abovled in the ainiehaw cartridze test ls tle gule 
tyection of a detouster "Dlamu*. This achieves صصه د‎ 
مسرو سه‎ of the actual resultent effect cf tho سمودےہ:‎ 
ter in procCuelnz a gmmeter or lesser degree cf e or 
tiun in an ineensitive explosive, 

The important consiserations, not teretofcre mif- 
ficloutly eaplusizec In detonator teats, wore esperi- 
mwubelly confizaec end lncorperated in this test. 

Tee first of these is the fact that the pec\in: 
density of en insensitive explosive, es exeqplifie ai 
a -iron oxide aízturo, sast be cerefully confrolle. 
‘Within certain Limits, es the pecring density of a ¿- 
Aron oxide mixture incroasos, its explosive jowsr, ته‎ 
تا دعس‎ its seo onusiing capacity, decrvreses mplo- 
ly. feeking density wes wept within .9¢+.92 (ws por 
cublo centimeter. | 
- په‎ dpi amu to lio arden 
وغمه‎ cepsdle ef eil degrees of partial detonation, “e 
pending on the isitiating efficiency of the detonator 
sed, "۳ T i > 
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"he technique nf the sinplifieé routine tect com 
cists, briefly, of Loëiime a Segrem cimrge حم کم‎ 
وم موي‎ T8T-iron oxide mizture inte a carefully wile 
yeper cartridge 1/2 inck Inside ciemeter ani 2-1/4 inches 
lor. “ho peocin: Censity is constant, end the Sotona- 
tor 18 ineerteé to such » depth es to produce atoms 
iwitdetion, The miniature certridye ties asveuhies, 1 
fired in the center cf 1,0% crame of the stantem! eend 
in a steel boub 5 inches tnsive diameter, The coated 
sand, which passes timmy? s Ne, 5° 7.4%, stander series 
screen, represents the vomd pulverized by He "inn 
präis and the detevstar. Tron this value is subtrweted 
the detonator blant, iah te odteiasd vy sinileriy im 
im. a miniaturo certrites eoctatnin: § muss of rure 
tron oxide end tho cetemstor, The value of srushed sand 
time derived, represents tie initiating efficiency of 
the detonator. This initiating efficiency ts then cos- 
pered relatively wit thet of @ euite?le refertony óntens- 
vem. 1 ty the unique oreretion of subtraction af tto seton- 
0 — — 
pf tbe detouetor iteelf, but the resultant effect of the 
døsanetor in predelne e Teter or lesser “eree کپ‎ 
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Setesetion in er In9wus:?lve osjlosivo. 





Lince the tine of Sebel, fuse detonators "pn bed 
vn "egent | place ín te Field of ezg1دs1‎ ves. "ez 
ere ommonly nace in the fomm of copper, copper ellos, 
or sostines slanina tyes about 1/4 iach in نسم نت‎ 21 
end ayproximately 1-1/2 do 2 inches in length, with one 
emi closed (15). “be clomed ond contelns the presse: 
chaps of initiating explosive, mereas the re rrie 
ia iptented to receive the es af e length of sefety tubes, 
5 ‘he metal casing af the detonator 16 eem? 6 
the choll end is mode by atemping, first a cup ^o a 
م ملچ‎ of flat copper. After emmesling, the oup ia crem 
Ge the eA وچه مهم ه 16 ححودہ: ححہ ححونہ کان‎ of shell- 
svewinz sachines. (4) 
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_ Pee detonators oiin immer reinforeia: sape 
UTES E T AR A A 
1 ٢ سک ولګ‎ 
the sensitivity to shock mod impact; they also increase 
A 24 A le ee ceppa 
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of the detonator, Tuewe ecfinia] eapsoles Lr gp € Gute 























lie eppeerence, with s bele in tre conter of the Mos- 
Mash Cron the ignition curse uy be comuatectel to 
the remeincer of the cher. 

Por meny yeare the initiating explosives in fore 
Getemetors, comprised e sinmcle cherge of rmy fal- 
uizate or one of the l"uleinaté-ohlerete mixti*s. و‎ 
mæ jority of modern detonstors comtein eceround ohm~ os 
ih oiter-imrosed layers, frequently called wefere. "hase 
Sen cherces strve the seme rurpose وه‎ mercury Ail- 
minata, with the followin adventares: the dct nator 
Dé wore ريب‎ us efficient, ent lens سب‎ 
ous to senvfacture anê 250, 
ne Ínéressé the com Minement of the explonive chars- 
eb, Ena hénse to improve the explosive power, bare end 
ہام‎ chances usually aro loaded into the shells unter 
fresruro. This ls a tasérdone operation emi lo وج‎ 
ed "y ramote contro’ in bytreclic presses دوعته شهمشتو‎ 
bioty, Trotective terricotes, Th presteres wast te con- 
trolled cerefully to prevent detonmtion of the oferes. 
Pressures of 35 to OB" pounds rer Antoneter (carpe fra 
ing to approximately SE to C,8^^ p.s.1.) Neve een ame 
ered, "eny cbartes Wubetitute! for mercury Metn to 
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Lo solera corromad drterstors can withstand crerter 
rroceures; wrtury fulbatfete bor heen repertod to uct- 
mote at en averare Prooruzo of £04 pounds per ETC ~ 
س‎ 
rreesere oU BOO roma, 





beklwo fuse detonators, “avin en electrical eypim, for 
dgaiting the explosive charge. Me lelter Ometion is 
performec vy a short lemeth of fine electric ۵5ص۲1‎ 
mire exbodied Im a portion of the explosive cber ساب ون‎ 
fn the detonator, ben te filament wire, sore om be 
ly called the oricce wlm, is brouslt Co Lars 
ty. the passage of an electric current through it, tio 
following sequence cf ewwte oecur: ¿be portion of ete 
mEDlaeivo charge in combact with the bridge slew, vezal 
le usually the igpítion cuero, "urs or LR KE, 4 
weaeretion of heat ovwlops cotcomation of the ebda- 
ehaxue, wich in tum i qerts ûotonetion to tin ae 
claro. Zhe consequent vursting of tie detosesor all, 
providing e cominatien of thermal env mechanics) دحا‎ 
Falces, oring clout bis setonation of the suln carga 
of erplosive. 
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Ibe high resistance, mnll-âlemeter brióre vire 
is probably the most tmportent fte» of construction in 
&u electric detonetor. "bw properties desired in an 
idmel resistenes wire have been ciffieult to attelo: 
Tt east be corrosion-resisting, beve reletively Mich 
bencil etrength, have & 811 reaistence chen an tbe 

18 inereased, must be constant in eleebtricel 
properties, and should bove low comparative cost. ^ 
constent seareh has been mado in recent years to timo 
better alleys for use as ‘ricre wires. 

These alloys hove @merclly contained pletine: 
as the basic metal. me of the most widely used ۵ 
been rade of 62K ple&imes and 20% iridium Ik aM نه هو‎ - 
هو‎ the above required physical properties, bub هذ‎ 2150©: 
eostly. mother platim: clloy thet bas been upas ro- 
cantly and that has hi her tenglle stren;tb, mM oafition 
to daing cheaper per wmit length, is ccuposed of “1 Pt., 
15> VWrodium end 8% Ruthenium, ^ less vlCely used and 
lese expensive alley 15 nichram, of which the no» inal 
analysis is 60۲ 34, LD  bromiun ard 25) iren. 

A typieal reststanes wire used for bride wires 
amy have a diemeter of ©. 16 inch end a lenzth كد‎ 2 
íncb, Sepending on the material from which it Lo medo, 
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it may kavo a roslst&ooo of 205 to 4) olere per ۸ 
&n! & tenetle strengbh ^f 1^^, ^^ to 300,90” poumis 
per square finche A steocsró roll of suci wire, ei ie 
ing 1 pound, will eontein 100,025 to 29,0 "wet, 

In the electric Cetonators tbe four ances of m= 
ing contect between the bridge wire en? tbe i nition 
echarse, are: 

le The bridge wire say simply be embedded in tie 
loose immition charze. ia is often refcrmeu to as 
the bricre plug type. 

le whe bridge vire may be dipped into a viscous 
saspension of the ienition charce in a solvent om tien 
érled to form an edhering pelict, commonly celled د‎ 
Deag, ^ coating of nitrocellulose often is applim to 
the outaide of the bead to provide & proteot!ve ecin, 
Se "be metchheed type of ignition is eematructed 
er follows: wo strips of setal foil, sclderec to 0 
end of the leg wires, art eeperatec iy a fet stri. of 
insuletinz material, such as peper, anc connects. «cross 
their enós by a short length of Urió:e vire 3015 peo Lo 
eet, By dipping the bridse wire portion of thie oseon- 
ly inte a suspension of thew imition ehar-co in e vols- 
tile Iiquid, followed by drying to remove the 11040, 
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the bridge wire »ecomer surrounded with a ri-ic loulo 
of the ignition charges 

4. The cavity tyre of iznition comprises a s2u- 
eor-like, cylindrical, or prismatic cavity in on ext 
of the bridge rlug. The bridrewire lies within tho 
eavity «né i soltered gesong the ends of the Lag وود‎ 
whieh co not project out of the cavity. "be ۱44 ہب‎ 
@asposition, in wet plest!o fore, is Een insértec nto 
tbe cavity; the sur eoo Scootbed, enó tbe camposition 
‘ried, 

Omapound electric -#tonaters sre analesous to care 
pound fuse detonators; e single charce has deca rc lace 
ed by e compound charge cf two cor three indivicaal vd 
plosive materials, ne saterial (re uently say -uoction 
or sorve ag both ignition charce anc rriming clans; 
lees frequently, one emterial may function or er or as 
all three char-es--ignition, priming, and bese, "oe 
eple of a compound elettric detonator with two che res 
is Bhat deseribed by Burrows (15), conpisting of a “ase 
charro of a mixture ol OSS aercury fulrinate and tY 
potessivua chlorate uni an isnitiom composition 07 26 
leac styptnate, 

Electric detonators are well sealed to =x the 
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impervious to molsturo wml to eld and ruen bise ` >- 
-11e hr$dye wiro. Tho» have -coó wetoreres15tin^ c *r- 
sctoristics and eccoréi "ly, ere used in wet dlestin- 

omerctions where comniiticns are vot too severe. Poor, 
for underwater blestiny, were the water merme may هد‎ 
bigh or the time of 1295:5165 apy be long, special godb- 
merine or waterproof electric detonators are wer. o 
Ciatin-wishing feature of sutmarine electric cotonetere 
Is see lemcer shell, sith en extre quantity of بث‎ gie 

proofing material explorec. 

The usual type c7 peal usec 1s & composite ma 
The brigo plur 1s mode bo Mit rether tiehtly اي دمه‎ 
tmsurted into the loade? #hell, followed by poutitr e 
¥iecous charce of asphaltic mtterial eromel it ٤ بے‎ 
én, Such è soel compels the می د وتو اند که تد‎ 
shells and tas the ad¢ttional Aisa@vartaze that it ts 
mob completely satirfettery wen expose! to extrene 
temberetures. At Liter tewerntures, the aarhalb وب‎ 
melt, mlz with the Graf ten a prising cherce, ڑ5‎ 
emnsitise it, tmz cometas Eve detommtor to futl to 
amé creci, thus providins an entry “or moisture whan 
the detenstor 18 expose! o> normel teereretures, o 
(Mia type of pegi, thé sarkwltic materiel 19 primhtly 
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intended es the watc: —c-f1p- siostenos. 

Necently a novel sim:lo soal hes cone Ovt, 50-0543 
ime of a doubly crimped synthetic imbber plus. و‎ 
9081 bas permitted e mich shorter shell to t€ isai; ales 
single incombustibdle semis cf class or of a suitable 
metel; such as copper, Yress, or aluminum, Lee ep: 
proposed, A therzoplestic resin seal, consistine of 
وت‎ of the synthetic ormanic polymers, sach es sii) 
met acrylate, ctkyl cellvlose, cellulose acetate, or 
the vinyl halide polyoers, also have been 3656016760 ٠ 


Just as an electric -etonator may be viruelises os 
a [ueo detonator, mith n bridce wire escesbly ans seal, 
& delsy electric Setomter say be imagines as au elroe 
trie setonstor with à lay element, or 09۲ kri 
Plesive charge, “elay detonators fire et coftalte 
short intervels efter the electric circuit is oloeed; 
these intervals range Seem approximtely 1 to Z semis, 
eepouding to the deley of tbe detogetor, y vsim delay 
@lectric cetonetors, 1t is possible, with one ey lice- 
tion of eurrent, to fire @ series of shote in yotetion 
or Succession, at short ond reasonably reproducible 
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intervals of time. 

Lelay eloetrie Cotonotors Lave been improve: re- 
-Aareably Guring the last 10 yeers; modern delay @tome~- 
tors are less bulky, eve oro reliable firin- c arec- 
teristics, may 56 wood un. or water an. are sore ۲ 
وي‎ factured. 

There are two prineíple types cf (elay electric 
detonators; those havin: 2 vent ^or tbe cseape of mses, 
@nd these that ere voutlees.  "ueeecsful O^.onatore of 
the latter type are o reaent vevelomment. 17258673 of 
em eleetric current throurh the brise wire brinsze it 
to ineandeseenes en: flcates tre ienition meterial,. 
The flane time procuced sets fire to the delay rower, 
wtich is presse? into a metal tubo. The longer tie 
delay powder train, the lonrer will be the ela; time 
of tbe detonators «hen the delay powder has <3 
to the opposite end of “be tube, it ignites the prin- 
im: eberge, whieh then ‘ires the cetonator. 

The time requireé for the delay powder to Mun is 
tiehly important, for i! tie delay sowder burns secre 
repiély in one detenstor îlan in otler -etonators 2f tho 
some Geclay period, tie first coton&tcr will Pré prone- 
curelys سا‎ 
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_Lalay electric deiemétore with a vent Dave è oley 
eceposition that procutes £565 upon burning. Tf ۵ 
Janes were not allowed t> escape, they vovld cause tho 
prensure to bulla up, which would aecslernte the yeto of 
turning of the deley rerder eof efuse rroomture [ir ٢- 
of the detonetor. tewl Seley Cetonetors have severel 
disadvantages, They am not renerelly setisfactory for 
use under extreme hee se o! weter becéuso tho vent = o- 
vides a possible point of entry for water. Acctdental 
plugging of the vent when the detonator is fire, rey 
cause a premature explosion. urthermore, esenie of 
bot gases may causo t'e coarse to bum ant this ۴ 
G@evelop isto en atten ect premeture Cetonation,. 

Beceure of the dise vantages cf the vented tre 
telay Setometors, aericus efforts have been Gade to 
@evelor e satislactory ~entless 26187 detcnator, "he 
p@ecblem hes narrowed to Tinding a delay com os ] 
whieh, when it bumed, woul do so at & un'!for rato and 
wold protece en exotherzio cromieal reaction without 
the evolution of gacor., ' cowcosition of OIC beriu 
Pirexids end 10% eolentis vns "ond am subsequestlr 
usa ín a comercial dolar” electric detonator after tt 
was ‘ound sucecssful. “is typo of detonator ig nara 
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suitable for use under water than the vented tyre. 

The wartime necessity for manefacturin, “2tomelors 
in eno part of the world for use in engther, inpaze” 
tbe problems of econstrecting detonators to function est- 
Letactorily in extramms of cilmste. 

دو دلوو 

To try and cover all phases of detonetors ani 
detonation, fron the comercial and militery standsoint, 
would be an endless job, The two theories of Setom- 
tion covered represent both an early and a mor recent 
theory; still some of the same problems are left unsolv- 
od. It is necessary, therefore, that a continued stody 
bo mace in the theory of detonation in order to bde cer- 
tein She detometors thet are desilınoû anû lt today 
do the best fob, "very high order explosive mist be 
detonated and the nore Mmowledce we have on thw eiis 
clency of the various types of detonators, the oore cor- 
tein we are thet the zip ower ie "ein- o-ta'ocd 
frow the explosive. 

In the development of new weapons, o1l the scienti- 
fic sitill and effort used to desicn and build tls weapon 
will have been wasted if the small, alzost insaimmificant 
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Gotonator, شی‎ not function et the proper tine ena 
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